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ABSTRAK 
Projek ini fokus kepada pengubahsuaian bats sonar algorithm (BSA) dan diberikan nama 
baru iaitu adaptive bats sonar algorithm (ABSA) disebabkan beberapa batasan BSA. 
ABSA merupakan versi algoritma yang lebih baik setelah ditambahkan dengan ciri-ciri 
echolokasi sebenar kelawar untuk mencari makanan dan mekanisme altruisme 
berbanding dengan BSA. Projek ini telah dijadikan sebagai satu platform untuk 
menunjukkan kebolehan ABSA semasa menyelesaikan masalah pengoptimum 
kejuruteraan. Oleh sebab banyak masa yang diperlukan untuk menyelesaikan semua 
matematik model car side impact design (CSID) sekiranya menggunakan cara tradisional 
seperti percubaan kaedah kesilapan dan pengiraan yang salah akan berlaku apabila 
matematik model itu diselesaikan secara manual, kaedah ABSA diperlukan untuk 
mempercepatkan proses pengoptimuman CSID supaya mencapai jumlah berat badan 
kereta yang paling minimum dan tidak kurang ketahanannya. ABSA diprogramkan 
dengan menggunakan kaedah simulasi komputer dalam perisian MATLAB. Program 
ABSA dibuat dalam bentuk matriks yang dimulakan dengan mengunakan nombor 
kelawar secara rawak di antara 700 dan 1000 dan meletakkan mereka di lokasi permulaan 
secara rawak untuk menjalani proses pencarian. ABSA digunakan pada dua fungsi 
piawaian sebanyak 30 kali. Selepas keputusan dalam fungsi piawaian memuaskan, ia 
digunakan pada CSID sebanyak 100 kali untuk mendapatkan keputusan berat badan 
kereta yang paling minimum. Keputusan yang terbaik akan dibandingkan dengan 
keputusan algoritma swarm lain yang sedia ada. Dalam perbandingan ini, ABSA telah 
membuktikan bahawa ia juga mampu menyelesaikan masalah pengoptimuman kekangan 
tunggal dengan keputusan yang cemerlang. 
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ABSTRACT 
This project was focusing on the modification ofbats sonar algorithm (BSA) and renamed 
to adaptive bats sonar algorithm (ABSA) due to some limitations of previous algorithm. 
ABSA was an improved version algorithm which include the real bats echolocation 
characteristics to search prey and reciprocal altruism mechanism as compared to original 
BSA. This project became a platform to show the superior performance of ABSA. Due 
to much time was needed to solve all the equations of car side impact design (CSID) if 
using the traditional way such as try and error method and wrong calculation may 
happened when solved them manually, it was necessary to implement ABSA to optimise 
the CSID application by minimise the total weight of car side. ABSA was developed by 
using computer simulation method in MA TLAB software. It was made in matrix form 
that initialise from selecting the random bats number between 700 and 1000 and 
stochastically placed them in the starting position and undergone searching process. The 
ABSA was performed in two benchmark functions with each 30 runs and after the results 
were satisfied with the given optimum results, it was performed in CSID with 100 runs 
to obtain the best minimum weight of car side. The best objective function was compared 
with the existing results of other swarm intelligence algorithms. The comparison showed 
the excellent performance of developed ABSA to solve single constrained optimisation 
problems. 
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CHAPTERl 
INTRODUCTION 
1.1 Project Background 
In global, car to car frontal, rear and side collisions were common incident and happened 
due to certain reasons such as wet road condition and individual recklessness. The most 
common car accident that caused serious injury was car to car frontal and side collision 
(Mizuno and Kajzer, 1999). This statement was proven when the world accident statistics 
indicated that side collisions consisted for roughly 30% of overall impacts and 35 %of 
the total death (McNeill et al., 2005). 
Car side impact collision, which also known as T bone collision can be described as the 
car side of the target vehicle was accelerated and increasingly deformed to the velocity 
and loaded by the frontal of subject vehicle (McNeill et al., 2005). During car side impact 
collision, there was only thin wall of doors and windows separated between inside and 
outside of car. This caused the energy loss that absorbed by the car side was very little 
(Brach, 1989). Based on Brach (1989), energy cannot be created or destroyed but can be 
transformed from one form to another. When the ratio of crash energy to absorbed energy 
is very high, it was potential to cause severe injuries of driver and passengers inside the 
car (Brach, 1989). In other word, the energy was not fully filtered by the car side. 
Therefore, the remaining energy will directly entered into the car and affected the people 
inside the car. 
In Mizuno and Kajzer (1999), it was not hard to discover that the car side design of many 
vehicles were incompatible with each other. The incompatibility in car side design mostly 
different in the aspect such as mass (Marklund and Nilsson, 2001) and stiffness of 
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vehicles (McNeill et al., 2005). Mass incompatibility caused high acceleration of the 
softer car when T bone collision happened (Marklund and Nilsson, 2001). Whereas 
stiffness incompatibility allowed massive deformation for the less stiff vehicle, which 
caused huge damage to car side and danger to passengers (Marklund and Nilsson, 2001 ). 
Sun et al. (2005) stated that the global optimisation problem was arises in most of the 
engineering field. In order to design car side with high strength (Marklund and Nilsson, 
2001) and less weight (Marklund and Nilsson, 2001; Zhang et al., 20 15), it was needed 
to optimise the configuration parameters of the car side. In this case, a nonlinear dynamics 
problems like crashworthiness was needed to be considered when designing car side to 
ensure the structural rightness of car and to guarantee the safety of passengers in the 
subject and other car (Sun et al., 2011). A mathematical modelling (Blomh0j and 
Kjeldsen, 2006) of car side impact design was needed to be figured out because it was 
useful to present in more understanding way about the engineering problems. At the same 
time, Blomh0j and Kjeldsen (2006) also explained about the objective function that 
needed to be optimised, the constraint that considered, design variables as well as some 
other random parameters must be clear. 
1.2 Problem Statement 
It took much time to optimise the car side impact design using traditional method such as 
metamodeling techniques (Optimization and Genest, 2015) and try and error method. 
This was because to solve the mathematical modelling that included a lot of design 
variables in single objective function and all of its constraints that subjected to was less 
efficient due to costly calculation times (Optimization and Genest, 2015). Besides that, 
some calculations and assumptions might be incorrect if solved all complex problems 
manually. Therefore, nature-inspired intelligent swarm technology (Hinchey et al., 2007) 
was discovered to help to reduce time taken when solving large number of complex 
problems. To obtain good precision and fast convergence rate, adaptive bats sonar 
algorithm was introduced and applied in the complex engineering problems (Y ahya et al., 
2016). The iteration after obtained a solution was needed in order to get the best value of 
design (Yahya et al., 2016). 
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1.3 Project Objective 
The objectives of this project are: 
• To develop adaptive bats sonar algorithm using MATLAB software 
• To optimise the car side impact design using adaptive bats sonar algorithm 
• To compare the performance adaptive bats sonar algorithm with other swarm 
intelligence algorithms 
1.4 Project Scope 
The scopes of project includes: 
• Perform adaptive bats sonar algorithm in benchmark functions by 30 runs 
• Perform adaptive bats sonar algorithm in car side impact design application 
by 100 runs 
• Compare the performance of adaptive bats sonar algorithm with relevant 
results of other algorithms in Table 2.6. 
1.5 Summary 
A best car side design with high strength and low weight was required to protect the 
driver and passenger from injuries besides reducing the manufacturing material. All the 
design and constrained variable of car side design that are related to each other must be 
list down in a form of mathematical modelling to solve the optimisation problem. In this 
project, an adaptive bats sonar algorithm was developed and tested with benchmark 
functions (Liang et al., 2006) to prove its strength and functionality. After that, it was 
introduced to solve the car side impact design problem and the performance of it was 
compared with other swarm intelligence algorithms in Table 2.6. 
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